Testing is one of the most potent methods for enhancing memory. The memorial benefits of testing over restudy have been well documented for a wide range of materials, learners, and outcome measures (for reviews, see Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013; Rawson & Dunlosky, 2011; Roediger & Butler, 2011; Roediger, Putnam, & Smith, 2011) . However, recent theoretical work has revealed an intriguing boundary condition to test-enhanced learning-namely, that testing may enhance encoding of item information at the expense of relational processing (Peterson & Mulligan, 2013, described further below) . Given the important implications of this outcome both for theory and practice, the purpose of the current work was to further investigate the extent to which testing impairs relational processing.
Historically, the literature on testing effects has been largely empirical, but more recent research has turned to explaining when and why testing enhances memory (e.g., Carpenter, 2009 Carpenter, , 2011 Pyc & Rawson, 2010 Zaromb & Roediger, 2010) . Of particular interest for present purposes, initial evidence suggested that testing enhances both relational processing and item-specific processing (Zaromb & Roediger, 2010) . Relational processing refers to the encoding of similarity among items, whereas itemspecific processing refers to the encoding of featural information that is diagnostic for discriminating particular items from one another. Prior research has established that memory is enhanced when relational and item-specific processing occur in combination (e.g., Hunt, 2012 Hunt, , 2013 Hunt & Rawson, 2011) . Zaromb and Roediger (2010, Experiment 2) presented learners with lists of words from various taxonomic categories in random order for initial study, followed by either a practice free recall test or restudy. On a final free recall test 1 day later, performance was greater in the testing versus restudy condition. Of greatest theoretical interest for present purposes, a positive testing effect also obtained on secondary measures that primarily reflect relational processing, including clustering (i.e., the extent to which items from the same taxonomic category are output together during recall) and category access (i.e., the number of categories for which at least one item was recalled).
1 A testing effect also obtained on secondary measures that primarily reflect itemspecific processing, including items per category accessed (IPCA; i.e., the mean number of items correctly recalled from those categories represented in the recall output) and on a category cued-recall test administered after final free recall. Similar out-comes have been reported subsequently (Congleton & Rajaram, 2012; Knouse, Rawson, Vaughn, & Dunlosky, in press ).
The multifactor account of testing effects (for brevity, MFA; also distinguishes between itemspecific and relational processing but draws a further distinction between two kinds of relational processing, including the processing of cue-target relations (hereafter referred to as intraitem relational processing) and processing of relations shared by targets from different items (hereafter referred to as interitem relational processing). The intriguing claim of MFA is that testing "focuses encoding resources on the target item and the cue-target relation, drawing resources away from processing associations among target items" (p. 1288). Thus, MFA predicts a negative testing effect when subsequent performance is more reliant on interitem relational processing than on the information encoded during item-specific and intraitem relational processing.
To test the predictions of MFA, Peterson and Mulligan (2013, Experiment 1) used word pairs in which the cue and target within each pair shared a rhyming relation (e.g., moon-spoon). The list of word pairs also afforded interitem relational processing, in that the target words were drawn from six taxonomic categories (e.g., moon-spoon, wife-knife, cork-fork, time-lime, tape-grape, and teach-peach). Pairs were first presented in random order for an initial study trial. In the subsequent practice phase, pairs were presented one at a time but blocked by taxonomic category. Practice trials involved either restudy or practice cued recall with feedback. On a final test involving free recall of target words immediately after the practice phase, performance was greater for restudied items than for tested items-that is, a negative testing effect (outcomes are reproduced in the left panel of Figure 1 ). Clustering was also greater after restudy versus testing (see top row of Table 1 ), consistent with the hypothesis that testing impairs interitem relational processing (presumably by directing more attention to item-specific and intraitem relational processing). Mulligan and Peterson (in press-a, Experiment 3; Mulligan and Peterson, in press-b, Experiment 1) replicated the negative testing effect using the same methods and also on a final test involving category cued recall. Additionally, paralleling these outcomes for semantic relational processing, Karpicke and Zaromb (2010, Experiment 3) reported a negative testing effect on a serial order reconstruction test. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In summary, two focal studies make contradictory theoretical claims: Zaromb and Roediger (2010) proposed that testing enhances relational processing and reported positive testing effects for final free recall and for two measures of interitem relational processing. In contrast, Peterson and Mulligan (2013) proposed that testing impairs interitem relational processing and reported negative testing effects for final free recall and for one measure of interitem relational processing. Of course, these two studies differed in several key methodological aspects that may be important for identifying theoretically relevant boundary conditions for testing effects. First, Zaromb and Roediger used word lists whereas Peterson and Mulligan used word pairs.
2 Although both types of material afford item-specific and interitem relational processing, word lists do not involve intraitem relational processing. Thus, MFA might suggest that learners allocated sufficient resources for interitem relational processing for word lists but not for word pairs. Second, the rhyming relation in Peterson and Mulligan's cue-target pairs was intended to direct attention toward processing of surface-level characteristics (to set up a condition in which intraitem relational information would not be particularly useful for recalling targets on the final free recall test), whereas learners in Zaromb and Roediger likely engaged in more semantic processing (that would be useful for the final free recall test).
At the outset, the goals of the current research were (a) to replicate the negative testing effect reported by Peterson and Mulligan (2013) and (b) to inform the theoretical debate concerning the effect of testing on relational processing by identifying the locus of the apparent inconsistency in the outcomes reported in these two studies. Concerning the importance of replication, Mulligan and Peterson (in press-a) noted, "The novelty of this result and the theoretical analysis that predicted it both require additional analysis. First, the negative testing effect should be assessed for generalizability and replicability to ensure the reliability of the basic phenomenon, given the field's renewed focus on these issues" (p. 3). Consistent with the recent emphasis in the field on the importance of independent replication of novel findings (e.g., LeBel & Peters, 2011; Pashler & Harris, 2012; Roediger, 2012; Schimmack, 2012; Simons, 2014) , our intent was to conduct high-powered independent replications of Peterson and Mulligan's (2013) study along with a systematic series of extensions to isolate the potential contribution of each of the factors described above (e.g., Experiment 1 included an extension to investigate whether 2 The wealth of prior research showing positive testing effects with word pairs might immediately seem to rule out this factor. However, scant prior research involving word pairs has involved a final test involving free recall of targets, which is heavily influenced by interitem relational processing and thus most relevant for testing the predictions of the multifactor account. To our knowledge, the only relevant prior studies are Carpenter, Pashler, and Vul (2006) and Carpenter (2009) , in which learners studied word pairs followed either by restudy or by practice cued recall. Positive benefits of testing over restudy obtained on a final test involving free recall of targets (their methods did not afford examination of measures of interitem relational processing). Peterson and Mulligan (2013) . Thus, Experiments 2-5 were instead directed toward additional attempts to replicate and to reconcile the apparent inconsistency between current and prior outcomes, and in so doing, provide additional tests of the multifactor account as applied to testing effects.
Experiment 1
Experiment 1 was originally designed to replicate Peterson and Mulligan (2013) and extend to adjudicate between the mechanism proposed by MFA and an alternative explanation of the negative testing effect. According to MFA, "participants in the retrieval condition, compared with controls, have relatively fewer resources available for making associations between the word pairs. Given this, they should be less likely to notice the common categories shared by the targets, reducing the encoding of intertarget relational information" , p. 1288 . This account could also explain the positive testing effects demonstrated by Zaromb and Roediger (2010) by assuming that word lists did not require intraitem relational processing and thus did not detract from processing of interitem relations. Alternatively, the negative testing effect demonstrated by Peterson and Mulligan (2013) may have reflected differences in encoding strategies evoked by testing versus restudy in their experiment. With rhyme pairs, successful retrieval during practice depended on surface versus semantic features of the targets, and thus, testing under these conditions may have disproportionately encouraged the strategic encoding of surface characteristics versus semantic information.
To evaluate these hypotheses, participants in Experiment 1 learned either rhyme pairs or semantically related pairs. MFA would predict a negative testing effect on interitem relational processing for both kinds of materials, given that they both require intraitem relational processing during testing that is assumed to draw attention away from interitem relational processing. In contrast, the encoding strategy account predicts a negative testing effect for rhyme pairs but not for semantic pairs.
Method
Participants and design. Undergraduates who participated for course credit (n ϭ 124) were randomly assigned to one of four groups defined by the factorial combination of type of practice (test vs. restudy) and type of cue (rhyme vs. semantic). Our originally targeted sample size was 119, based on an a priori power analysis conducted using G ‫ء‬ Power 3.1.5 (Faul, Erdfelder, Buchner, & Lang, 2009) with power set at .90 and ␣ ϭ .05 to detect an effect of f ϭ .30 (based on an estimated effect size of d ϭ Ϫ0.62 for the negative testing effect reported by .
Materials and procedure. Materials included the same set of 36 rhyming word pairs used by Peterson and Mulligan (2013; e.g., tape-grape) . The target words included six instances from each of six taxonomic categories. For each pair, we selected a second cue word that was semantically related to the target (e.g., wine-grape). As an indicator of semantic relatedness, we used Latent Semantic Analysis (http://lsa.colorado.edu) to compute the cosine for each semantic cue-target pair; mean cosine was 0.33. On average, semantic cue-target pairs had 0.04 forward association strength and 0.05 backward association strength (based on association norms of Nelson, McEvoy, & Schreiber, 2004) . Rhyme and semantic cues were matched as closely as possible for length (4.2 letters on average in both sets) and log word frequency (3.13 and 3.11 for rhyme and semantic cues).
The procedure closely followed the methods used by Peterson and Mulligan (2013) . All instructions and tasks were administered via computer. The full set of instructions provided to participants for each phase of the experiment are included in Appendix. During the initial study phase, word pairs were presented in pseudorandom order with the restriction that pairs with targets from the same taxonomic category were not presented on adjacent trials. Word pairs were presented one at a time for 4 s each with a 500 ms interstimulus interval. Participants were instructed to read the words silently to remember them for a later (unspecified) memory test. After initial study, participants completed an unrelated filler task (solving math problems) for 5 min.
For the subsequent practice phase, items were then presented one at a time, with order of presentation blocked by category (the order of categories and the order of items within each category was randomized). On restudy trials, the cue and target were both presented on the screen for 15 s. On test trials, the cue word was presented on the screen for 10 s along with a text field and a prompt for participants to type in the corresponding target word; the cue and target were then both presented for 5 s of restudy.
In both groups, a final free recall test was administered immediately after the end of the practice phase. Participants were given 5 min to type in as many of the target words as they could remember. All of the participant's recall responses remained on the screen throughout the 5 min period.
Results and Discussion
Cohen's d values were computed using pooled SDs (Cortina & Nouri, 2000) . For ease of exposition, results of all analyses of variance for all outcome measures in each experiment are reported in Table 2 . During the practice phase, correct cued recall was 52% (SE ϭ 2) in the rhyme cue group and 59% (SE ϭ 4) in the semantic cue group.
Most important, as shown in Figure 1 , we did not replicate the negative testing effect reported by Peterson and Mulligan (2013) . Final free recall was greater after testing versus restudy in both cue groups.
3
Clustering was computed using the Adjusted Ratio of Clustering formula (Roenker, Thompson, & Brown, 1971) . As reported in Table 1 , we did not replicate Peterson and Mulligan's (2013) finding of reduced clustering after testing versus restudy, with trends in the opposite direction. The pattern was similar for category access, which provides additional evidence that testing did not impair interitem relational processing. Consistent with MFAs 3 Similar to outcomes in Peterson and Mulligan (2013) , intrusions in final free recall were relatively uncommon. Across samples in the five experiments reported here, mean number of cue-word intrusions ranged from 0.4 -1.3, and mean number of other-word intrusions ranged from 0.6 -1.0 (cf. range of 0.3-2.3 across intrusion types in . Intrusions rates did not differ significantly as a function of group in any experiment (all Fs Ͻ 1.89). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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assumption that testing enhances item-specific processing, IPCA was greater after testing versus restudy (see Table 1 ).
Experiment 2
Experiment 1 did not replicate the negative testing effect for free recall or for measures of interitem relational processing. Limitations in cross-laboratory and cross-experiment comparisons notwithstanding, performance levels were similar in the testing groups here and in Peterson and Mulligan (2013) for both free recall and clustering, whereas performance levels for the restudy groups differed more considerably. MFA assumes that restudy affords sufficient resources for encoding interitem relations, but perhaps learners in the current restudy group did not spontaneously notice that targets were categorically related. By comparison, in Peterson and Mulligan's (2013) Experiment 3, items were presented in random order (rather than blocked) during the practice phase, making it more difficult to notice the categorical relations between target words. Under these conditions, a positive testing effect obtained on final free recall, and clustering was no greater than chance in either group.
In Experiment 2, all participants were presented with rhyme pairs, and half of the participants in each practice group received instructions to alert them about the categorical relations among targets. If the failure to replicate the negative testing effect in Experiment 1 was because of learners in the restudy group being unaware of categorical relationships, a negative testing effect will emerge in the instruction group. This prediction follows from the MFAs assumption that learners in the restudy versus testing group have more available resources for interitem relational processing, which they would be more likely to invest once they are made aware of these relations. 4 Thus, instructions would increase performance in the restudy group to a greater extent than in the testing group, yielding a negative testing effect.
Method
Undergraduates who participated for course credit (n ϭ 123) were randomly assigned to one of four groups defined by the factorial combination of type of practice (test vs. restudy) and whether additional instructions were provided prior to the practice phase. The targeted sample size and power analysis was the same as in Experiment 1.
The materials and procedure were the same as in Experiment 1, with the following exceptions. First, we only used the rhyme-cue materials from Peterson and Mulligan (2013) . Second, participants in the instruction group received the following additional information after the initial study phase and prior to the practice phase: "During 4 Because the purpose of the current research was to evaluate MFA as specifically applied to testing effects, the logic of this prediction was based on MFA as described by Peterson and Mulligan (2013) , which was stated in terms of the availability of resources (see also Mulligan & Peterson, in press-a) . A subtle but important issue concerns whether learners in the testing group cannot versus do not expend resources on interitem relational processing. In the latter case, MFA would "not say that interitem relational information cannot be attended to, it is just less likely to be attended to when interitem relational information does not contribute to generation, or when the participant does not notice that it might contribute. If interitem relational information is relevant to generation (and the generator knows this), the MFA predicts that people will use this informational basis in the act of generation" (N. Mulligan, personal communication, September 1, 2014) . However, Mulligan and Peterson (in press-a, p. 2) noted that, "In typical generation manipulations, generation of the target is guided by item or cue-target information and not by interitem relational information (that is typically not a useful basis for generating targets)." The typical generation manipulation was used by Peterson and Mulligan (2013) and in the current research. Additionally, participants in the instruction groups were not told that the interim relations were relevant to the practice task (only that attending to the relations may help on the upcoming memory test). Thus, the prediction concerning the instructional manipulation would still hold. Most important, this issue only concerns predictions for the extension groups and does not bear on the prediction for the replication groups. Note. IV 2 ϭ the second independent variable included in the design of each experiment (type of cue in Experiment 1 and instructions in Experiments 2-3); IPCA ϭ items per category accessed.
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this learning phase, you may notice that the second words in the pairs are related to words in other pairs because they belong to the same semantic category (e.g., "blue," "red," and "green" all belong to the category "colors"). Paying attention to these relationships may help you learn the words better for the upcoming memory test" (the sample items and color category included in the instructions were not among those included in the experimental materials). Third, all participants completed a final cued-recall test after free recall. Cue words were shown one at a time in random order, and participants had 5 s to type in the corresponding target word.
Results and Discussion
During the practice phase, correct cued recall was 51% (SE ϭ 3) in the instruction group and 48% (SE ϭ 2) in the no-instruction group. As shown in Figure 1 , we did not replicate the negative testing effect. Final free recall was greater after testing versus restudy, even when learners were alerted to the existence of categorical relations between targets. As reported in Table 1 , we also did not find negative testing effects on measures of interitem relational processing (clustering and category access), either with or without instructions alerting learners to the categorical relations between targets.
Consistent with MFAs assumption that testing enhances itemspecific processing, IPCA tended to be greater after testing versus restudy (see Table 1 ). Concerning the assumption that testing also enhances intraitem relational processing, final cued recall showed a small numerical advantage for testing over restudy. The numerical trends are consistent with a positive testing effect in final cued recall reported by Peterson and Mulligan (2013, Experiment 2; 79% vs. 72%, respectively).
Experiment 3
Thus far, outcomes of Experiments 1 and 2 align with MFAs assumption that testing enhances item-specific and intraitem relational processing but have not yielded any evidence that these enhancements come at the expense of impaired interitem relational processing. Outcomes of Experiment 2 further suggest that the failure to replicate did not reflect unawareness of categorical relationships in the restudy group, with similar levels of performance on most measures regardless of instructions (the only exception was clustering, and performance was numerically lower in the instruction group). With that said, the positive testing effects were somewhat weaker overall, and the instructions may have been insufficient to direct learners' attention to the categorical relations. Accordingly, Experiment 3 (a) included the no-instruction replication groups to provide another set of estimated effect sizes for testing versus restudy and (b) further strengthened the instruction manipulation.
Method
Undergraduates who participated for course credit (n ϭ 123) were randomly assigned to one of four groups defined by the factorial combination of type of practice (test vs. restudy) and whether additional instructions were provided before the practice phase. The targeted sample size and power analysis was the same as in Experiment 1.
The materials and procedure were the same as in Experiment 2, except that we modified the instructions presented prior to the practice phase for participants in the instruction group. Participants in the restudy group were told, "During this practice phase, you may notice that the second words in the pairs are related to words in other pairs because they belong to the same semantic category (e.g., blue, red, and green all belong to the category colors). Research has shown that paying attention to these kinds of relationships will help you learn the words better for the upcoming memory test. To help you take advantage of attending to these relationships, on each trial, you will be told the semantic category that the second word in that pair belongs to. To illustrate, for the sample items above, you would see "shoe-blue (color)" and then "bed-red (color)" and then "preen-green (color)" and so on. Instructions for participants in the testing group were the same except that the last line stated, "To illustrate, for the sample items above, you would see "shoe-??? (color)" and then "bed-??? (color)" and then "preen-??? (color)" and so on. As advertised, the appropriate category label was then presented on the screen with each item during each practice trial.
Results and Discussion
During the practice phase, correct cued recall was 89% (SE ϭ 1) in the instruction group and 57% (SE ϭ 2) in the no-instruction group. Once again, we did not replicate the negative testing effect (see Figure 1 ). Final free recall was greater after testing versus restudy in the replication group and in the enhanced instruction groups. Furthermore, the effect of instructions was not greater in the restudy group than in the testing group (to revisit, the prediction that reasonably follows from MFA is that learners in the restudy group would have more resources to expend on the interitem relational processing afforded by the instructions). Concerning measures of interitem relational processing, we did find a small negative testing effect on clustering in the replication group and on category access in the instruction group, but both groups showed moderate positive effects on the other measure (see Table 1 ). Consistent with the MFAs assumption that testing enhances itemspecific and intraitem relational processing, IPCA and final cued recall were greater after testing versus restudy (see Table 1 ).
Experiment 4
Experiments 1-3 did not replicate the negative testing effect originally reported by Peterson and Mulligan (2013) , and outcomes of Experiments 2-3 suggest that the failure to replicate did not reflect unawareness of categorical relationships in the restudy group. What else might explain the positive testing effects observed here? One possibility concerns production differences in the testing versus restudy groups in Experiments 1-3. Whereas participants in testing groups typed in recalled targets during the practice phase, restudy participants read silently and did not type targets. Although this method is typical of most prior research on testing effects, it does introduce the possibility that the testing groups benefited from overt responding (i.e., a production effect). Weighing against this possibility, production effects have typically been demonstrated in mixed lists (including both overt-and covert-response items) and tend to be weak or nonexistent in pure lists (as in the current research), particularly when the final test is free recall (Jones & Pyc, 2014) . Nonetheless, Experiment 4 was designed to evaluate the extent to which restudy without overt responding may have disadvantaged the restudy groups in Experiments 1-3 by adding an overt restudy group to the design. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Method
Undergraduates who participated for course credit (n ϭ 116) were randomly assigned to one of three groups, defined by type of practice (restudy, overt restudy, or test). Our originally targeted sample size was 108, based on an a priori power analysis for the two comparisons of primary interest, (a) overt restudy versus test, to examine the testing effect for groups that were comparable with respect to production during the practice phase, and (b) overt restudy versus restudy, to estimate the potential involvement of production effects in the previous experiments. A G ‫ء‬ Power 3.1.9.2 analysis with power set at .80 and ␣ ϭ .05 to detect an effect of d ϭ .60 indicted a targeted sample size of 36 for each of the three groups.
For the test and restudy groups, the materials and procedure were the same as for the no-instruction groups in Experiment 3, except for the task instructions. Although our task instructions in Experiments 1-3 were functionally similar to the summary description of instructions provided in Peterson and Mulligan (2013) , the exact instructions in these two studies differed in some details (Mulligan, personal communication) . Thus, task instructions used in Experiment 4 (see Appendix) were the same as in Peterson and Mulligan (2013) except for minor modification appropriate to the written response modality used here (to foreshadow, Experiment 5 involved spoken responses and thus used identical instructions as in . Procedure for the overt restudy group was the same as in the restudy group, except that on each trial during the practice phase, participants were prompted to type the target word into a text field on the screen.
Results and Discussion
During the practice phase, correct cued recall was 53% (SE ϭ 2). To revisit, the two comparisons of primary interest concern final test performance for (a) overt restudy versus test, to examine the testing effect for groups that were comparable with respect to production during the practice phase, and (b) overt restudy versus restudy, to estimate the potential involvement of production effects in the previous experiments. Inferential statistics are reported in Table 3 .
Concerning overt restudy versus test, we did not replicate the negative testing effect (see Figure 1) . Final free recall was greater after testing versus overt restudy. Inconsistent with the predictions of MFA, testing also outperformed overt restudy on both measures of interitem relational processing (Table 1 ; performance for the overt restudy group is reported in the "Replication" columns, for direct comparison with the testing group). Consistent with MFA, testing also outperformed overt restudy on measures of item-specific and intraitem relational processing (see Table 1 ).
These outcomes weigh against a production effect explanation for the positive testing effects observed in Experiments 1-3. Further ruling out this explanation, performance across all measures was consistently greater for the restudy group (that involved no response production) than for the overt restudy group (Figure 1, Table 1 ).
Experiment 5
Outcomes of Experiment 4 rule out a production effect explanation for why Experiments 1-3 did not yield negative testing effects. Experiment 5 was designed to examine the extent to which the negative testing effect may depend on response modality. Whereas participants in Experiments 1-4 typed in recall responses (and overt restudy responses in Experiment 3) during the practice phase, Peterson and Mulligan (2013) had participants respond aloud during the practice phase. As stated, MFA provides no basis for expecting that the direction of testing effects would depend on response modality, and thus, Experiments 1-4 still represented legitimate tests of MFAs prediction of a negative testing effect. Nonetheless, given that response modality was a methodological difference between the current research and Peterson and Mulligan (2013) , Experiment 5 involved spoken responding during the practice phase to address the empirical question of whether the negative testing effect is limited to oral responding.
5
Method
Undergraduates who participated for course credit (n ϭ 80) were randomly assigned to one of two groups (overt restudy or test). Our originally targeted sample size was 72, based on the same power analysis as in Experiment 4. Materials and procedure were the same as in Experiment 4, except for the response modality used during the practice phase (the practice phase instructions are identical to those used in Peterson & Mulligan and are included in Appendix) . Participants in the restudy group read each word pair aloud. Participants in the testing group read the cue word aloud, stated their recall response aloud, and then read the subsequently presented target word aloud on trials in which their recall response was incorrect. The experimenter was present throughout all stages of the experiment, including the practice phase in which participants responded aloud. 5 To our knowledge, the only remaining methodological difference between Experiment 5 and Peterson and Mulligan (2013, Experiment 1) concerns the medium used to administer the final recall test. Although not explicitly stated in Peterson and Mulligan (2013) , D.J. Peterson informed us (personal communication) that they administered their final test via paper and pencil, whereas participants in the current research typed recall responses into the computer. Otherwise, Experiment 5 is an exact methodological replication of Peterson and Mulligan's original study. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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During the practice phase, correct cued recall was 48% (SE ϭ 2). Once again, we did not replicate the negative testing effect (Figure 1 , Table 3 ). Final free recall did not differ after testing versus restudy. Concerning measures of interitem relational processing, we did find a small negative testing effect on clustering but no effect on category access (see Table 1 ). Concerning MFAs assumption that testing enhances item-specific and intraitem relational processing, IPCA did not differ and final cued recall was lower after testing versus restudy (see Table 1 ).
Thus, the outcomes of Experiment 5 at best provide weak evidence for MFA. Testing did not have a negative effect on final free recall. Although a negative testing effect obtained on one of the two measures of interitem relational processing, only half of the pattern predicted by MFA obtained. To revisit, MFA states that deficits in interitem relational processing are because of enhanced item-specific and intraitem processing, and thus, testing deficits in interitem relational measures should be accompanied by testing benefits to measures of item-specific and/or intraitem processing. In contrast, no effect was observed on the item-specific measure and a negative testing effect obtained on the intraitem relational measure. One possibility is that requiring testing participants to state their recall responses aloud may have induced some discomfort or anxiety about making errors in front of an observer (that would not be the case for restudy participants). If so, the "oral exam" format may have distracted them from fuller encoding during the practice phase, which in turn could explain the more general decrements observed across outcome measures. Of interest to the authors, Mulligan and Peterson (in press-a) conducted post hoc analyses of the final recall data from Peterson and Mulligan (2013, Experiment 1) and also found a negative testing effect on IPCA, a measure of item-specific processing.
General Discussion
The goal of this research was to resolve the apparent inconsistency between theoretical claims and evidence reported by Peterson and Mulligan (2013) and Zaromb and Roediger (2010) . In large part, the current outcomes resolved the inconsistency, but not in the manner we originally anticipated. We had expected to replicate the negative testing effect and then resolve the inconsistency by systematically evaluating boundary conditions for when it obtains. Instead, the current outcomes resolve the inconsistency by (a) failing to replicate the negative testing effect on free recall in five experiments affording eight comparisons, and (b) disconfirming MFAs assumption that testing impairs interitem relational processing (across the clustering and category access measures, the majority of the effects were positive).
MFA assumes that impaired interitem relational processing reflects limited resources due to trade-offs with enhanced item-specific and/or intraitem relational processing. If so, a reasonable expectation is that the effects of testing on measures of item-specific and intraitem relational processing versus interitem relational processing will be inversely related. However, the pattern of effects across experiments is inconsistent with this expectation. For example, the much stronger effects of testing on measures of item-specific and intraitem relational processing observed in Experiments 1 and 3 versus in Experiment 2 (on average, ds ϭ 0.96 vs. 0.23) did not come with a systematic decrease in performance on measures of interitem relational processing (on average, ds ϭ 0.21 vs. 0.16). Likewise, the negative testing effect on clustering in Experiment 5 was accompanied by null or negative effects on measures of item-specific and intraitem relational processing.
More important, although the current outcomes weigh heavily against MFAs assumption that testing impairs interitem relational processing, we are not advocating rejection of the multifactor account more generally. The distinction between intraitem and interitem relational processing is theoretically important, and trade-offs between these processes (and/or with item-specific processing) may still exist under other encoding conditions. Indeed, the multifactor account of testing effects proposed by Peterson and Mulligan (2013) is a specific instantiation of a more general multifactor account that has been applied to understanding other related phenomena (e.g., repetition effects, generation effects; Burns, 1990; Mulligan & Lozito, 2004; , 2014 . However, the current results indicate that extension of the multifactor account to testing effects is limited, particularly concerning the claim that testing impairs interitem relational processing.
In addition to weighing heavily against MFAs claim that testing impairs interitem relational processing, the current outcomes also bear on the theoretical question concerning the extent to which testing enhances relational processing (Zaromb & Roediger, 2010) . Zaromb and Roediger reported sizable positive effects of testing on measures of interitem relational processing in most cases (see Table 4 ), whereas the positive effects observed across measures and experiments here are much weaker (see Table 1 ). These quantitative differences might suggest that the effects of testing on interitem relational processing are more pronounced with word lists than with word pairs. However, other recent research using Zaromb and Roediger's basic methodology also reported somewhat more modest estimates (see Table 4 ). Further research investigating factors that moderate the effects of testing on interitem relational processing will be useful. Overall, however, these outcomes consistently point to positive effects of testing on interitem relational processing.
Finally, the current outcomes also have broader implications for prescriptive conclusions concerning the use of testing as a learning technique in education and other training contexts. Given that few boundary conditions with meaningful implications for educational practice have been identified in prior research on testing effects, impairments in interitem relational processing would have represented a potentially troublesome limitation for practical purposes. For example, students often report using flashcards to learn vocabulary, key terms, and other kinds of information (Golding, Wasarhaley, & Fletcher, 2012; Wissman, Rawson, & Pyc, 2012) , which is analogous to the cued recall format involved during practice in Peterson and Mulligan (2013) and in the current research. However, course exams often include questions requiring integration of information rather than explicit cued recall of item information in isolation. If testing of the sort supported by flashcards impaired relational processing as assessed on exams, students would be ill advised to invest heavily in this learning technique for courses in which exams involved short answer questions, essay questions, or other summative assessments focused on interitem relational information. In contrast, the current outcomes suggest that no such qualification of prescriptive conclusions is warranted at this point.
To conclude, we did not replicate the negative testing effect on free recall. We also found relatively consistent evidence that testing does not impair interitem relational processing, although neither did it This document is copyrighted by the American Psychological Association or one of its allied publishers.
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produce consistently sizable enhancements to interitem relational processing. More generally, MFAs distinctions between item-specific, intraitem relational processing, and interitem relational processing will be useful for guiding further research aimed at understanding the multifaceted effects of testing on learning and memory. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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